Heterogeneity of dynein structure implies coordinated suppression of dynein motor activity in the axoneme.
Axonemal dyneins provide the driving force for flagellar/ciliary bending. Nucleotide-induced conformational changes of flagellar dynein have been found both in vitro and in situ by electron microscopy, and in situ studies demonstrated the coexistence of at least two conformations in axonemes in the presence of nucleotides (the apo and the nucleotide-bound forms). The distribution of the two forms suggested cooperativity between adjacent dyneins on axonemal microtubule doublets. Although the mechanism of such cooperativity is unknown it might be related to the mechanism of bending. To explore the mechanism by which structural heterogeneity of axonemal dyneins is induced by nucleotides, we used cilia from Tetrahymena thermophila to examine the structure of dyneins in a) the intact axoneme and b) microtubule doublets separated from the axoneme, both with and without additional pure microtubules. We also employed an ATPase assay on these specimens to investigate dynein activity functionally. Dyneins on separated doublets show more activation by nucleotides than those in the intact axoneme, both structurally and in the ATPase assay, and this is especially pronounced when the doublets are coupled with added microtubules, as expected. Paralleling the reduced ATPase activity in the intact axonemes, a lower proportion of these dyneins are in the nucleotide-bound form. This indicates a coordinated suppression of dynein activity in the axoneme, which could be the key for understanding the bending mechanism.